The effects of finishing system on growth performance and carcass composition were determined in an experiment using 40 crossbred, early-weaned lambs (28 kg BW). Finishing systems were 1 ) grazed alfalfa, 2 ) 100% concentrate diet fed in drylot, and 3 ) grazed ryegrass for 42 d followed by a 100% concentrate diet fed in drylot. All lambs were fed to similar final weights (48 kg). Average daily gain was greater for lambs placed directly in the feedlot than for lambs on the other two finishing protocols. The quantity of separable lean tissue and bone were not affected by finishing system. However, quantity of total fat and each of the three major fat depot sites (subcutaneous, seam, and mesenteric) were reduced ( P < .05) in alfalfa-finished lambs compared with fat in lambs fed concentrate at some time during finishing. Daily accretion rates of lean and fat tissue were greater ( P < .05j for lambs placed directly in drylot than for lambs that consumed forage at some time. In addition, daily fat accretion rates were greater in lambs placed directly in drylot than in lambs that initially grazed ryegrass. Composition of individual primal cuts revealed reductions ( P < .05) in total separable fat with alfalfa finishing compared with the other two systems. However, chemical composition of the lean tissue within the primal cuts was not affected by finishing system, with the exception of the loin and breast. Finishing systems based on grazed forage can lead to the production of leaner carcasses, but major differences in the composition of consumable product were not observed.
Introduction
Historically, animals destined for slaughter have been raised on a forage-based feeding program for a period of time to allow growth of skeletal and muscle tissue without excess fattening (Byers, 1982) . Reduced carcass fat was observed when lambs grazed pasture before placement in drylot compared with lambs fed continuously in drylot (Arnold and Meyer, 1988 j. However, moving weaned animals directly to the feedlot results in faster, more efficient growth than does feeding animals forage for a period of time (Notter et al., 1991) . A third production system not widely used currently involves allowing finishing animals to graze forage. Finishing meat animals on forage, rather than concentrate, may lead to the J. h i m . Sci. 1994. 72:3138-3144 production of leaner carcasses (Ely et al., 1979) . Forage-based production systems may offer the option of reduced daily costs of production but may lead t o increased number of days required to finish animals (Notter et al., 1991) .
Information is lacking on the overall effect of different finishing systems on growth performance and carcass composition of lambs. In addition, changes in composition of the various primal cuts are unknown. Objectives of this research were to determine the effects of finishing systems using grain, forage, or a combination of grain and forage on 1) rate of animal growth and carcass composition, 2 ) rate of fat, lean, and bone tissue accretion, and 3 ) changes in composition of the five primal cuts of lambs.
finishing system on rate of growth, time required to finish, and carcass composition. Animal care was according to guidelines recommended by the Consortium (1988) . Finishing systems examined were grazed alfalfa (Alfalfa), 100% concentrate diet fed in drylot ( Concentrate), and grazed ryegrass for 42 d (Phase 1) followed with the 100% concentrate diet (Phase 2) in drylot (Ryegrass + Concentrate).
Rotational grazing systems were used for forage management. Alfalfa paddocks were grazed by lambs for 3 to 4 d. Residual forage was removed by nongestating, non-lactating ewes. A 23-to 25-d rest period was provided for alfalfa paddocks before they were regrazed. Ryegrass pastures were grazed by lambs for 3 to 4 d. Residual forage was removed by nongestating, non-lactating ewes. A 9-to 12-d rest period was allowed before ryegrass was regrazed. Grazing lambs were provided with selenium-fortified trace mineralized salt and dicalcium phosphate (2: 1). Putand-take lambs were used in both the Alfalfa and Ryegrass + Concentrate finishing systems to properly adjust grazing pressure to keep forage vegetative. Composition of the concentrate diets fed are presented in Table 1 . A 16% protein diet was fed for the first 28 d, after which a 14% protein diet was fed.
Two lambs from each sex were slaughtered at the initiation of the trial to estimate initial carcass composition ( Table 2) . The remaining 36 lambs were allotted randomly within sex to the three finishing systems with six lambs per replicate and two replicates per system. All lambs were fed t o a similar final weight (48 kg). Initial, final, and 14-d intermediate weights were taken a t a single weighing at 0800, which was before feeding of concentrate diets. Average daily gain and days required to finish was determined for all lambs. Daily DM intake of the concentrate diets was measured and feed efficiency (grams of gain per gram of DM intake) was calculated. Lambs were removed from the experiment as each lamb reached final weight. Four of the six lambs (two wethers and two ewes) per replicate were randomly selected and slaughtered at a commercial abattoir. Chilled carcass weights were recorded after a 48-h chill. The right side of each carcass was retained for use in dissection analysis. Right sides of the carcasses were stored at -20°C until transport to the USDA, Meat Science Research Laboratory in Beltsville, MD. Right carcass sides were fabricated into primal (leg, loin, rack, shoulder, and breast) cuts. Primal cuts were weighed and then dissected into separable lean, subcutaneous fat, intermuscular fat, mesenteric fat, and bone portion (bone plus cartilage and major tendons) and each component was weighed. Lean tissue from each primal cut was ground twice and subsampled (approximately 50 g ) for chemical analysis to determine the quantity of intramuscular fat. After dissection of primal cuts and sampling of lean tissue, all remaining soft tissue from each side was recomposited and ground to determine chemical analysis of the side. Ground samples representing each side and lean tissue samples were analyzed for moisture and ether extract (AOAC, 1980) . Protein was determined as total N x 6.25 using a Leco FP-428 N determination system (Leco Corp., St. Joseph, MI). Total accretion of bone, fat, and protein were determined by subtracting initial physical composition from final composition. Daily accretion rates of lean, bone, and fat were determined by dividing total tissue accretion by days required to finish.
Statistics. Data were analyzed as a completely randomized design using the GLM procedures of SAS (1991) . The model contained effects due to finishing system; finishing system responses were evaluated using single degree of freedom orthogonal contrasts (Steel and Torrie, 1980 
Results and Discussion
Lamb performance data are presented in Table 3 .
During Phase 1 ( d 0 to 421, ADG was greater ( P < .05) for lambs placed directly in the feedlot than for lambs that grazed ryegrass. During Phase 2 ( d 43 to slaughter), ADG was not different among finishing systems. Average daily gain over the entire trial was greater ( P < .05) for the lambs placed immediately in drylot than for the lambs that grazed ryegrass for the first 42 d of the finishing period. These data are in agreement with those of Ely et al. (1979) , who reported lower ADG for lambs that grazed forage than for those in drylot. Arnold and Meyer (1988) also observed higher ADG for lambs placed directly in drylot compared with a period of pasture feeding followed with drylot. Differences in ADG led to increases in days required t o reach slaughter weight for the lambs that initially grazed ryegrass and lambs finished on alfalfa compared with lambs placed directly in the feedlot. These differences in ADG are presumably due to the differences in the energy density of feed consumed and hence total energy intake. All lambs were grown to the same final live weight (48 kg). The Alfalfa-finished lambs had a lower dressing percentage (data not shown) than the lambs receiving concentrate at some time during the finishing period, as evidenced by the decreased ( P < .05) weight of the side (Table 4) . Equal final weights were chosen as the termination point in this study to try to determine carcass composition on carcasses of equal weight. Although differences in side weight were small and of questionable biological significance, carcass fat percentage is directly related to carcass weight (Lambuth et al., 1970; Kemp et al., 1976) , and comparison of carcasses of different weights may influence interpretation of the data.
Although the weight of the side was reduced for Alfalfa-finished lambs, the quantity of lean tissue within a side was not affected by finishing system. Equal weight of bone within a side, regardless of finishing system, suggests that the different finishing systems did not influence skeletal tissue development of these lambs. Alfalfa-finished lambs had the lowest ( P < .05) quantity of subcutaneous fat, compared with lambs fed concentrate at some time during the finishing period. Similar quantities of subcutaneous fat for the 100% concentrate finished lambs and Ryegrass + Concentrate finishing systems are in disagreement with data reported by Arnold and Meyer (1988) , who noted reduced backfat with pasture feeding before drylot. However, these researchers only observed reduced backfat thickness in whiteface lambs and were unable to detect a difference in blackface lambs raised on pasture before drylot placement. The findings of Arnold and Meyer (1988) suggest that breed differences may influence finishing system effects; lambs with higher growth rate potential did not respond with decreases in carcass fatness with forage feeding before concentrate feeding. In the present trial, the quantity of seam and mesenteric fat was similar between the two groups of lambs receiving concentrate, whereas these two groups of lambs had a greater ( P < .05) quantity of seam and mesenteric fat than the Alfalfa-finished lambs. In contrast to data reported by Arnold and Meyer (1988) , lambs grazing pasture before drylot placement, in the present study, had amounts of mesenteric fat similar to those of lambs placed directly in the feedlot. Amount of mesenteric fat in carcasses of Alfalfa-finished lambs was similar to that reported by Notter et al. (1991) for lambs finished on bluegrass-clover pasture. Quantities of mesenteric fat within the side for lambs receiving concentrate at some time during the finishing period were similar to quantities reported by Arnold and Meyer (1988) . In the present study, no differences were detected in mesenteric fat content between the lambs placed directly in the feedlot compared with those that initially grazed ryegrass. This finding is in contrast to the data reported by Arnold and Meyer (19881, in which pasture feeding before drylot placement led to reductions in mesenteric fat content. Total fat within the side was reduced ( P < .05) approximately 32% for Alfalfa-finished lambs compared with lambs receiving concentrate at some time during the finishing period. However, no differences were detected in the amount of fat in lambs placed directly in the drylot compared with lambs initially grazing ryegrass.
Water and protein percentage were increased ( P < . 0 5 ) for the lambs finished on Alfalfa compared with the other two finishing systems (Table 4) . Percentage of fat within the side was reduced ( P < . 0 5 ) approximately 20% for Alfalfa-finished lambs compared with finishing systems that included feeding concentrate at some time.
Reductions in carcass fatness with forage feeding also have been reported by Ely et al. (1979) . Several factors may account for the reduced carcass fat observed in lambs grazing forage. Although not measured in this study, previous analysis indicated the C P content of immature alfalfa in these pastures was approximately 28 to 30% (McClure and Van Keuren, 1985) . This high concentration of CP may be one explanation for the reduction in the fatness of carcasses. Andrews and Orskov (1970) and Norton et al. (1970) reported increases in carcass protein with increased dietary protein concentration. However, Wilson et al. (1972) , Craddock et al. (19731, and Kemp et al. ( 19 7 6) reported only minimal changes in carcass composition with increased protein concentration. Reduced carcass fatness in Alfalfa-finished lambs also may have been due to lower energy intake and reduced growth rate. Decreased carcass fatness has been reported for lambs consuming diets with low energy density compared with high-energy-dense diets (Osborne et al., 1961; Ray and Mandigo, 1966) . However, Crouse et al. (1978) reported no changes in carcass composition due to energy density of the diet. Source of energy available may influence carcass composition. Ruminal fermentation of forage leads to a relatively high acetate:propionate ratio, whereas grain fermentation leads to a narrower ratio (Luther and Trenkle, 1967) . Propionate production leads to increased insulin secretion (Bines and Hart, 19841 , which stimulates synthesis of protein and fat (Bines and Hart, 1982; Weekes, 1986) . Therefore, reduced carcass fatness for alfalfa-finished lambs may have been due to a number of factors, including energy density, energy source, and shifts in animal metabolism. It was beyond the scope of this paper to determine specific causes for the reduction in carcass fat that occurred.
Similar carcass composition among lambs placed directly in the feedlot and lambs allowed to graze ryegrass for 42 d before drylot placement is in disagreement with data reported by Arnold and Meyer (1988) . Arnold and Meyer (1988) reported reduced carcass fatness when lambs grazed pasture to a weight of 41 kg before drylot placement. This discrepancy possibly exists due to the method of pasture grazing. In the present study, percentage of total weight gained while grazing pasture was relatively small in comparison to weight gained while in drylot because of the fixed number of grazing days. In contrast, lambs in the study of Arnold and Meyer (1988) grazed pasture to a constant weight of 41 kg before placement in the drylot. As a result, percentage of total weight gained while on pasture was nearly twice as much as weight gained in drylot. Total growth of lean tissue within a side was not affected by finishing system (Table 5 ) . However, total fat deposition was increased ( P < .05) approximately 1.25 kg for finishing systems involving concentrate feeding. The increase in side weight of approximately 1 kg for the lambs fed concentrate compared with Alfalfa-finished lambs may explain part of this difference. Tissue maturation follows the order of bone, lean, and fat (Rouse et al., 1970) . Therefore, energy intake would be partitioned toward bone, lean, and fat in that order until the specific tissue had reached maximal deposition. Reductions in ADG observed for Alfalfa compared with concentrate finishing suggest a reduction in daily energy intake for the Alfalfafinished lambs. Daily energy intake for the Alfalfa lambs may have been sufficient to meet energy needed for bone and lean tissue while providing less energy to be partitioned toward fat accretion. Total bone growth was not affected by finishing system.
Daily accretion rates of lean and bone tissue were reduced for lambs grazing ryegrass followed with concentrate feeding compared with direct placement in the drylot. Daily accretion rates of lean tissue did not differ between Alfalfa-finished lambs and those fed concentrate during the finishing period. Daily fat accretion rates were increased for lambs finished on production systems that included concentrate feeding compared with the alfalfa finishing system. Directly placing lambs in drylot resulted in greater daily fat accretion than concentrate feeding following ryegrass grazing. Daily accretion rates were determined by dividing total tissue accretion by the number of days fed. Therefore, the daily accretion rates for the Ryegrass + Concentrate production system represent the weighted average of the time animals were grazing ryegrass pasture and receiving concentrate in the feedlot.
Weight and physical composition of the leg primal cut is presented in Table 6 . Individual fat depots were not affected by finishing system. However, when the summation of all depot sites was made, Alfalfafinished lambs had 20% less ( P < .05) separable fat in the leg than lambs receiving concentrate during the finishing period. Chemical analysis of leg lean tissue showed no differences in moisture or protein percentage; there was a trend ( P = .19) for 13% less intramuscular fat in the leg lean tissue of Alfalfafinished lambs than in that of lambs receiving concentrate during the finishing period.
In contrast to leg weight data, lambs finished on Alfalfa had lighter-weight loin cuts than lambs in the other two production systems ( Table 7 ) . The difference in weight of the loins was approximately equal to the difference in weights of separable fat within the cuts. These data agree with data reported by Lambuth et al. (1970) . These researchers found the loin to be an area of increased fat deposition as carcass weight increased. In the present study, total separable fat was reduced ( P < .05) 42% for Alfalfa-finished lambs vs those fed concentrate at some time. Chemical composition of the lean tissue from the loin showed a 23% reduction ( P < .05) in percentage of intramuscular fat for Alfalfa-finished lambs compared with lambs receiving concentrate at some time during the finishing phase. .05).
grazing ryegrass followed with concentrate compared with that in lambs placed directly in drylot. Chemical composition of the lean tissue of the rack was not affected by finishing system. Shoulder primal cut weight and amount of separable lean and bone were not affected by finishing system (Table 9) . Total fat within the cut was decreased approximately 275 g for the Alfalfa-finished lambs compared with lambs in the other two systems. Reductions in the weight of fat components of the shoulder and the lack of an effect on absolute weight of the cut suggest that lean and bone tissue tended to be increased with Alfalfa-finished lambs compared with lambs receiving concentrate at some time. Chemical analysis of shoulder lean tissue showed no differences associated with the production system on which lambs were finished.
Breast weight of Alfalfa-finished lambs was reduced compared with that of lambs in finishing systems involving concentrate feeding (Table 10 ). The quantity of lean tissue within the breast was increased in Ryegrass + Concentrate-finished lambs compared with lambs placed directly in the feedlot. Seam fat and amounts of total fat were decreased in the breast of Alfalfa-finished lambs compared with amounts of this fat in lambs in the other two finishing systems. Weight reductions in the breast were similar to reductions in weight of fat within the cut. Chemical analysis of the lean tissue revealed decreases in fat and increases in water content for lambs finished on Alfalfa compared with lambs finished on 100% Concentrate or Ryegrass + Concentrate.
The overall effects of finishing system on carcass composition reveal reductions in carcass fatness with the finishing system based solely on grazed alfalfa. Carcass protein content was not affected by finishing system. The use of chemical analysis data would suggest that finished lamb production using grazed Alfalfa-finished lambs had lighter racks than lambs fed 100% concentrate in drylot or grazed Ryegrass + Concentrate (Table 8 ). The differences in rack weight were similar t o differences in the weight of fat within the primal cut. Subcutaneous fat and seam fat were less in Alfalfa-finished lambs than in lambs that were fed concentrate at some time. Similar to data reported for the loin, increases in fat content of the rack may be expected because the rack is an area of increased fat deposition as carcass weight increases (Lambuth et al., 1970) . Seam fat was reduced in lambs initially forage has the potential to provide a leaner product to consumers. Dissection analysis showed that fat content of the loin and breast lean tissue were reduced with the alfalfa-finishing system, and lesser effects on the other primal cuts were observed. Separable subcutaneous, seam, and mesenteric fat were all reduced significantly with the forage-finishing system, whereas intramuscular fat was affected to a lesser degree. Trimming fat from carcasses and individual cuts has become a common practice within the industry. Thus, trimmable fat may be reduced with the all-forage finishing system without large reductions in the fat content of consumable product. Efficiency of production and processing may be improved if excess carcass fat is avoided.
Implications
Finishing lambs on a production system based on grazed alfalfa leads to leaner carcasses at a constant live weight at slaughter. Increases in carcass leanness, with forage finishing, are not due to increased lean mass but rather to decreased fat production. Raising lambs on forage for a period of time before placement in the feedlot had no effect on carcass composition when lambs were marketed at a similar weight. Trimmable fat is reduced to a greater extent than intramuscular fat with forage-based finishing systems. This may reduce waste during processing.
